S U M M A R Y S100 proteins are calcium-activated signaling proteins that interact with target proteins to modulate biological processes. Our present studies compare the level of expression, and cellular localization of S100A7, S100A8, S100A9, S100A10, and S100A11 in normal and psoriatic epidermis. S100A7 and S100A11 are present in the basal and spinous layers in normal epidermis. These proteins appear in the nucleus and cytoplasm in basal cells but are associated with the plasma membrane in spinous cells. S100A10 is present in basal and spinous cells, in the cytoplasm, and is associated with the plasma membrane. S100A8 and S100A9 are absent or are expressed at minimal levels in normal epidermis. In involved psoriatic tissue, S100A10 and S100A11 levels remain unchanged, whereas, S100A7, S100A8, and S100A9 are markedly overexpressed. The pattern of expression and subcellular localization of S100A7 is similar in normal and psoriatic tissue. S100A8 and S100A9 are strongly expressed in the basal and spinous layers in psoriasis-involved tissue. In addition, we demonstrate that S100A7, S100A10, and S100A11 are incorporated into detergent and reducing agent-resistant multimers, suggesting that they are in vivo transglutaminase substrates. S100A8 and S100A9 did not form these larger complexes. These results indicate that S100 proteins localize to the plasma membrane in differentiated keratinocytes, suggesting a role in regulating calcium-dependent, membrane-associated events. These studies also indicate, as reported previously, that S100A7, S100A8, and S100A9 expression is markedly altered in psoriasis, suggesting a role for these proteins in disease pathogenesis. (J Histochem Cytochem 51: [675][676][677][678][679][680][681][682][683][684][685] 2003) 
C alcium acts as a second messenger to regulate keratinocyte cell proliferation and differentiation (Boyce and Ham 1983; Menon et al. 1985; Pillai et al. 1990; Chakravarthy et al. 1995; Ahn et al. 1999) . The calcium stimulus is mediated by calcium-binding proteins that couple changes in intracellular and extracellular calcium to cell function. These proteins include the calcium receptor, calmodulin, troponin C, parvalbumin, and S100 proteins (Donato 1986; Heizmann and Cox 1998; Tu et al. 2001 ). Because of their signal transduction role, and role as chemoattractants, S100 proteins are proposed to have an important role in ke-ratinocyte differentiation and in the pathogenesis of psoriasis (Jinquan et al. 1996) . There are 18 identified S100 family proteins. Thirteen S100 protein genes are located within the epidermal differentiation complex on human chromosome 1q21 (Engelkamp et al. 1993; Wicki et al. 1996) .
Although eight S100 proteins (S100A2, S100A7, S100A8, S100A9, S100A10, S100A11, S100A12, and S100 ␤ ) are expressed in the human epidermis (Boni et al. 1997; Xia et al. 1997; Robinson and Hogg 2000) , the function of these proteins is not well understood. In particular, information is lacking regarding their subcellular distribution as a function of keratinocyte differentiation and how their distribution changes in disease states. In this study we characterize several new antibodies and examine the pattern of expression of multiple S100 proteins in normal and psoriatic human epidermis. Our study identifies definite patterns of expression and specific changes in subcellular localization of individual S100 proteins during differentiation. In addition, we confirm previous reports showing that several of the S100 proteins are expressed at markedly higher levels in involved psoriatic epidermis.
Materials and Methods
Antibodies Rabbit polyclonal anti-S100 antibodies specific for human S100A7, human S100A10, and human S100A11 were produced in our laboratory. Recombinant human S100A7, S100A10, and S100A11 proteins were produced in Escherichia coli ( E. coli BL21 DE3) (Robinson et al. 1997; Ruse et al. 2001) . For example, bacteria were transformed with pET28a ϩ -S100A7, which encodes polyhistidine-S100A7 fusion protein, and His-S100A7 production was induced by addition of IPTG. After protein purification by chromatography on a His-Bind column (Novagen; Madison, WI), the polyhistidine track was removed using thrombin. The final S100 protein retains a three-amino-acid extension (Gly-Ser-His) at the amino terminus. S100A10 and S100A11 were prepared using an identical procedure. Rabbit antihuman S100 antibody (anti-S100A7, anti-S100A10, and anti-S100A11) was prepared by immunizing rabbits with human recombinant S100 protein three times over a period of 2 months (each at 1 mg per animal). Immune serum was collected from each rabbit and the IgG fraction was isolated by a salting-out procedure (50% ammonium sulfate). As outlined here, the specificity of each antibody was confirmed by immunoblotting. The optimal antibody concentration for immunohistochemistry (1:100), immunofluorescence (1:1000), and immunoblotting (1:1000) was determined by serial dilution.
Goat anti-human S100A8 (calgranulin A, sc-8112) and goat anti-human S100A9 (calgranulin B, sc-8114) were purchased from Santa Cruz Biologicals (Santa Cruz, CA). Each antibody maps an epitope near the carboxy terminus of the S100 of human origin. The blocking peptides for anti-S100A8 (sc-8112P) and anti-S100A9 (sc-8114P) were also purchased from Santa Cruz. Serial dilution competition assays were done in the absence and presence of blocking peptide to confirm the antibody specificity using both immunohistochemistry and immunoblot analysis. Anti-␤ -actin was obtained from Sigma (St Louis, MO) (A5411).
Immunohistochemistry
Keratomes, excised from normal and psoriatic patients, were fixed overnight at 4C in 2% paraformaldehyde, processed, and sectioned onto microscope slides. Tissue was obtained as discarded tissue samples from the dermatology clinic in compliance with an Institutional Review Board-approved protocol. Sections were deparaffinized, ethanol-rehydrated, and rinsed with PBS. Nonspecific antibody binding was blocked by incubating sections for 30 min at 25C with 1.5% serum (goat S-1000, or rabbit S-5000; Vector Laboratories, Burlingame, CA) in PBS. Blocked sections were then incubated with S100 isoform-specific antibodies, diluted 1:100 in PBS, for 1 hr at 25C. In some cases, as indicated in figure legends, epitope blocking peptides were included in the incu-bation mixture to assess specificity of staining. The sections were then rinsed three times with PBS and incubated with biotin-labeled secondary antibody (goat anti-rabbit IgG, PK-6101, or rabbit anti-goat IgG, PK-6105; Vector Laboratories) for 1 hr at 25C in PBS. After washing, the sections were incubated for 30 min with avidin-biotin-peroxidase complex (Vectastain ABC Kit; Vector Laboratories). The sections were rinsed, stained with 3,3 Ј -diaminobenzidine (DAB, SK-4100; Vectastain Kit) and counterstained with hematoxylin.
Immunoblotting Analysis
Equivalent amounts of extract (50 g protein/lane), prepared from rapidly frozen keratome samples, were electrophoresed on denaturing and reducing 12% polyacrylamide gels. The fractionated proteins were then transferred to nitrocellulose membranes. The blots were blocked with 1% BSA for 1 hr at room temperature with gentle shaking, washed, and incubated for 1 hr at 25C with primary antibody at a dilution of 1:1000. After washing, the blot was incubated for 1 hr at 25C with HRP-conjugated donkey antirabbit IgG diluted 1:10,000 (NA934; Amersham Pharmacia, Poole, UK) or HRP-conjugated donkey anti-goat IgG diluted 1:5000 (sc-2033; Santa Cruz Biotechnology). After repeated washing, the blots were immersed in ECL Western blotting detection reagent (Amersham Pharmacia) for 1 min. Chemiluminescence was visualized by exposure of the blot on Kodak X-OMAT AR imaging film (Eastman Kodak; Rochester, NY).
Results
Antibodies Against S100A7, S100A10, and S100A11 Are Specific Antibodies developed in our laboratory against recombinant human S100A7, S100A10, and S100A11 proteins were tested for specificity using both dot-blot and gel immunoblotting analysis. First, 0.1 g of each recombinant human S100 protein was dot-blotted onto nitrocellulose and assayed for reactivity against each individual antibody ( Figure 1A ). Anti-S100A7, raised in rabbits, recognized only S100A7 protein.
Likewise, rabbit anti-S100A10 and anti-S100A11 detected only S100A10 and S100A11, respectively. We also confirmed that none of the antibodies detect an unrelated protein, TIG3 (DiSepio et al. 1998; Deucher et al. 2000) , and that the preimmune serum (PI) did not detect these proteins. Next, each antibody was assessed for specificity by gel immunoblotting assay ( Figure 1B ). Recombinant human S100A7, S100A10, and S100A11 protein (0.1 g/lane) were electrophoresed on a 12% gel under denaturing conditions, transferred to nitrocellulose, and reacted with each antibody. Each antibody recognized only the corresponding S100 protein. Because S100 proteins are known to be efficient transglutaminase substrates (Robinson et al. 1997; Robinson and Eckert 1998; Ruse et al. 2001) , the finding that covalently linked S100 protein dimers are detected in Figure 1B suggests that some of the S100 protein may serve as a substrate for bacterial transglutaminases (Sato et al. 2001; Seitz et al. 2001 ).
S100A7 Redistributes During Keratinocyte Differentiation
We assayed S100A7 distribution and level in epidermis during normal and psoriatic differentiation. Immunohistological staining of normal epidermis identifies S100A7 in the basal and spinous layers ( Figure  2A) . At the subcelllar level, in basal cells, S100A7 is localized in the nuclei and cytoplasm. In contrast, in the spinous cell layer, much of the S100A7 immunoreactivity is observed localized with the plasma membrane ( Figure 2B , arrow). A similar overall pattern of staining is observed in involved psoriatic epithelium ( Figure 2B ) and in non-involved epidermis from psoriatic patients (not shown). However, in involved psoriatic tissue, the membrane-associated staining is particularly pronounced in the spinous layer ( Figure 2B , arrows). No staining is observed in a control section stained with preimmune serum ( Figure 2C ). To obtain an estimate of the overall level of S100A7 expression in normal vs involved psoriatic epidermis, we assayed levels by immunoblotting. Figure 2D shows an analysis of tissue extracts prepared from epidermis of two normal subjects (N1, N2) and two psoriatic patients (P1, P2). S100A7 levels are comparable in normal epidermis (N1, N2) and uninvolved epidermis from both psoriatic patients (U). However, the level is markedly increased in involved (I) psoriatic epidermis. This is consistent with previous reports (Madsen et al. 1991 ). In addition, in all samples, a significant amount of S100A7 migrates slowly, suggesting that it is crosslinked to itself and other proteins (indicated by asterisk), a finding that is consistent with our previous reports showing that S100 proteins are transglutaminase substrates (Robinson et al. 1997; Robinson and Eckert 1998; Ruse et al. 2001) .
To confirm that the slowly migrating bands shown in Figure 2 represent authentic S100A7-containing complexes, recombinant human S100A7, recombinant human S100A10, and psoriatic cell extract from two patients (P1 and P2) were electrophoresed on a denaturing and reducing 12% polyacrylamide gel and immunoblotted. Figure 3A shows that incubation of the blot with anti-S100A7 detects a band corresponding to rhS100A7 and also immunoreactive material in the extracts from psoriatic patients. This immunoreactive material includes S100A7 monomer (Figure 3 , arrows) and high molecular weight S100A7-containing complexes (Figure 3 , asterisks). rhS100A10, in contrast, is not detected. Addition of an excess of rhS100A7 protein to the antibody mixture, ( Figure 3B ) eliminates all anti-S100A7 binding. In contrast, addition of excess rhS100A10 to the anti-S100A7 mixture does not inhibit binding ( Figure 3C ). Therefore, the high molecular weight forms represent authentic S100A7-containing complexes.
Altered Expression Patterns of S100A8 and S100A9 in Psoriasis
In agreement with previous reports (Kelly et al. 1989; Kunz et al. 1992; Schmidt et al. 2001) , we find that S100A8 and S100A9 are absent or are expressed at barely detectable levels in normal epidermis. For example, as shown in Figure 4A , some expression is occasionally detectable in the granular layer (arrow). S100A9 is also present in very limited quantities in normal epidermis; barely visible granular layer stain-Figure 1 Specificity of S100 antibodies. (A) Recombinant human S100 protein (S100A7, S100A10, S100A11, 0.1 g each) and an unrelated protein, TIG3 (DiSepio et al. 1998; Deucher et al. 2000) , were bound to nitrocellulose strips at 0.1 g/dot in rows of five dots. The membrane was then cut vertically to yield strips containing each protein, and each strip was incubated with a single antibody (anti-S100A7, anti-S100A10, anti-S100A11, or anti-TIG3) at a dilution of 1:1000 (determined by titration). All antibodies were raised in rabbits. An additional strip was incubated with rabbit preimmune serum (PI). The blot was washed and then incubated with HRP-conjugated goat anti-rabbit IgG for 1 hr at 25C in PBS. After washing, the sections were visualized using chemiluminescent reagents. (B) Recombinant human S100 proteins (S100A7, S100A11, S100A10, 0.1 g each) were electrophoresed on a denaturing 12% acrylamide gel, transferred to nitrocellulose, and strips were incubated with anti-S100A7, anti-S100A10, or anti-S100A11. The blots were then incubated with secondary reagents and chemiluminescent detection reagents. Migration of monomers (M) and dimers (D) of each protein are indicated. The dimers may arise from residual transglutaminase-like activity in bacterial extracts. No signal was observed when a blot (not shown) was incubated with preimmune serum. Molecular weights (MW) are indicated in kD.
ing is observed. In involved psoriatic tissue, however, both S100A8 and S100A9 are expressed at high levels ( Figure 4B ). In addition to granular layer staining, S100A8 is expressed at high levels in localized regions surrounding positively stained basal cells, and S100A9 is expressed in all epidermal layers. S100A8 is localized in the peripheral cytoplasm, and S100A9 is detected within the peripheral cytoplasm and associated with the plasma membrane. Membrane-associated S100A9 is indicated by the arrows. No expression is detected when epitope-specific blocking peptides are included in the incubations, or preimmune serum is substituted for S100-specific primary antibody (Figure 4C) .
Consistent with the immunohistological findings, immunoblot detection of S100A8 and S100A9 reveals minimal expression in normal tissue or uninvolved psoriatic tissue, but elevated expression in involved psoriatic tissue ( Figure 4D ). To assess whether S100A8 or S100A9 forms covalent high molecular weight complexes, cell extracts prepared from normal epidermis (patient N1) or from uninvolved (U) or involved (I) psoriatic epidermis (patient P3) were electrophoresed, blotted to nitrocellulose, and incubated with anti-S100A8 or anti-S100A9. Figure 5A shows that anti-S100A8 identifies several bands in extracts from normal epidermis and from uninvolved and involved psoriatic epidermis. Competition with the anti-S100A8 blocking peptide ( ϩ BP) reveals specific antibody binding to an 8-KD band corresponding to the size of the S100A8 monomer. Comparison of the anti-S100A9 blot in the absence and presence of blocking peptide, ( Figure 5B ) reveals a specifically competed 14-KD band corresponding to the molecular weight of the Figure 2 Distribution and expression of S100A7 protein in normal and psoriatic epidermis. Epithelial biopsy specimens were excised from normal and from uninvolved and involved psoriatic epidermis. The specimens were fixed, processed, and stained with rabbit anti-human S100A7 serum (1:100 dilution) or goat preimmune serum . (A) Normal epidermis stained with anti-S100A7. Arrow indicates membrane-associated S100A7. In this and all immunostaining figures, SC is stratum corneum, SG is stratum granulosum, SS is stratum spinosum, and SB is stratum basalis. (B) Involved psoriatic epidermis stained with anti-S100A7. Arrows indicate membraneassociated S100A7 immunoreactivity. (C) Normal epidermis stained with preimmune serum. (D) Equivalent quantities of whole-cell extract (based on protein) prepared from normal epidermis (patients N1, N2), and psoriatic epidermis (patients P1, P2) were electrophoresed on a 12% acrylamide gel. Samples from psoriasis patients include uninvolved (U) and involved (I) tissue. The fractionated samples were transferred to nitrocellulose and incubated with anti-S100A7. Primary antibody binding was visualized using an appropriate secondary antibody and chemiluminescence detection agents. ␤-Actin was detected as a control to confirm equal loading. No immunoreactivity was observed when the primary antibody was omitted from the incubation (not shown). Arrow indicates the S100A7 monomer. Asterisk indicates high molecular weight anti-S100A7 immunoreactivity (Ruse et al. 2001 ). The molecular weight markers are indicated in kD. Bar ϭ 10 m. S100A9 monomer. The bands detected at 18 and 40 KD are nonspecific. These blots suggest that S100A8 and S100A9 do not form covalently crosslinked high molecular weight species. In addition, these blots reveal that these antibodies do not crossreact, i.e., anti-S100A8 does not detect S100A9, and anti-S100A9 does not detect S100A8.
Localization of S100A10 S100A10 is principally localized in the nucleus and cytoplasm of basal and spinous cells in normal epidermis, although some plasma membrane-associated staining is also visible ( Figure 6A ). In involved psoriatic tissue, faint staining is observed in the cytoplasm of basal and spinous cells, with substantial plasma membrane-associated staining (Figure 6B, arrow) . In Figure 6D , no signal is detected in normal skin samples stained with preimmune serum. As shown in Figure 6C , no change in S100A10 level is detected in extracts derived from normal, psoriasis-uninvolved, and psoriasis-involved epidermis. As with S100A7, we detect a substantial number of higher molecular weight S100A10 immunoreactive bands (Figure 6C, asterisk) . Anti-S100A10 detection of this material was eliminated by inclusion of recombinant human S100A10 in the antibody incubation mixture (not shown). This suggests that the high molecular weight material represents covalently crosslinked S100A10-containing complexes .
S100A11 Localizes at the Plasma Membrane in Differentiated Keratinocytes
Immunohistological staining of normal human epidermis using rabbit anti-human S100A11 reveals S100A11 in the nuclei and cytosol of basal cells ( Figure 7A ). In spinous cells, S100A11 is localized in the cytoplasm and plasma membrane. Plasma membrane staining is indicated by the arrows. In contrast, in psoriasis there appears to be less S100A11 expression in the nuclei of basal cells ( Figure 7B ). Instead, S100A11 is found in the cytoplasm of basal and spinous keratinocytes. In the upper spinous layers, most of the S100A11 immunoreactivity appears to associate with the plasma membrane (arrows). Figure 7C shows an absence of signal in normal skin samples stained with preimmune serum. In addition, incubation of sections with anti-S100A11 in the presence of an excess of recombinant human S100A11 is indistinguishable from the staining observed with preimmune serum (not shown). Immunoblotting analysis of S100A11 protein levels in extracts prepared from normal and from uninvolved and involved psoriatic tissue reveals no change in expression level ( Figure 7D ). The asterisk indicates anti-S100A11 reactive bands of high molecular weight. Anti-S100A11 detection of these bands was eliminated by inclusion of recombinant human S100A11 in the antibody incubation mixture (not shown). This suggests that these bands represent covalently crosslinked S100A11-containing complexes (Ruse et al. 2001 ).
Discussion S100 Proteins in Epidermis S100 proteins are calcium sensor proteins that exist in cells as homo-and heterodimers. In response to calcium concentrations in the millimolar range, S100 proteins undergo a conformational change that exposes a target protein-interacting domain. This domain binds Figure 3 Presence of multiple S100A7-containing complexes in psoriatic epidermis. Equivalent quantities of protein (20 g/lane), prepared from uninvolved (U) and involved (I) psoriatic epidermis (patients P1 and P2), was electrophoresed on a denaturing 12% polyacrylamide gel, transferred to nitrocellulose, and incubated with anti-S100A7. Parallel lanes include electrophoresis of 0.2 g of recombinant human S100A7 (rhA7) or recombinant human S100A10 (rhA10). (A) Blot was incubated with anti-S100A7 (1 g/ incubation). (B) Blot was incubated with 1 g anti-S100A7 per incubation in the presence of fivefold excess (by weight) of recombinant human S100A7 (rhA7). (C) Blot was incubated with 1 g anti-S100A7 per incubation in the presence of fivefold excess (by weight) of recombinant human S100A10 (rhA10). Arrows indicate the migration of S100A7 monomer. (B) Arrow marks the expected location of S100A7 monomer. The higher molecular weight immunoreactive complexes are indicated by the asterisk. MW markers are listed in kD.
to target protein(s) and alters target protein function to produce a biological response (Garbuglia et al. 1996; Wu et al. 1997; Rety et al. 1999 Rety et al. ,2000 . Subcellular localization is known to have important effects on signal transduction protein function. However, information is limited regarding the subcellular distribution of S100 proteins in differentiating epidermis. S100A7. S100A7 is expressed in both normal and psoriatic epidermis. S100A7 is present in the cytosol in basal cells, but appears to be plasma membraneassociated in spinous layer cells. This suggests that S100A7 performs a function at the plasma membrane. Some may also be released into the extracellular space, a finding that would be consistent with a role in chemotaxis (Hoffmann et al. 1994 ). In addition, S100A7 levels are markedly increased in psoriatic epidermis (Madsen et al. 1992 ) (see Table 1 ), suggesting that S100A7 may play an important functional role in the genesis of the psoriatic state. Perhaps this relates to the cytokine function of S100A7 that has been previously described (Di Nuzzo et al. 2000) . S100A7 also appears to form a complex with epidermal fatty acid binding protein (EFABP), although the importance of this interaction is not well understood (Hagens et al. 1999) . Our unpublished studies suggest that a S100A7/EFABP complex moves to the plasma membrane in calcium-treated cultured keratinocytes (Ruse and Eckert, unpublished) . This may alter lipid metabolism and cell differentiation.
Figure 4
Distribution and expression of S100A8 and S100A9 in normal and psoriatic epidermis. Epithelial biopsies were excised from normal, uninvolved psoriatic, and involved psoriatic epidermis and were stained with goat anti-S100A8 or anti-S100A9 (1:100 dilution), or rabbit preimmune serum. (A) Normal epidermis stained with anti-S100A8 or anti-S100A9. Arrow indicates occasional low-level staining observed for S100A8. (B) Involved psoriatic epidermis stained with anti-S100A8 or anti-S100A9. Arrows indicate areas of possible membrane association. (C) Normal epidermis stained with preimmune serum. In addition, inclusion of 2 g of S100A8 epitope-specific blocking peptide per 1 g of anti-S100A8 eliminated S100A8 staining. Inclusion of S100A9 blocking peptide with anti-S100A9 blocked S100A9 staining (not shown). Bars ϭ 10 m. (D) Equivalent amounts of whole-cell extract (based on protein) prepared from normal epidermis (patients N1, N2), and psoriatic epidermis (patients P3, P4, P5) were electrophoresed on a 12% acrylamide gel. Samples from psoriasis patients include uninvolved (U) and involved (I) tissue. The fractionated samples were transferred to nitrocellulose and then incubated with anti-S100A8, anti-S100A9, or anti-␤-actin. Primary antibody binding was visualized as in Figure 2 . No immunoreactivity was detected when the primary antibody was omitted (not shown).
Figure 5 S100A8 and S100A9 do not form crosslinked multimers. (A) Equivalent quantities of protein (20 g/lane), prepared from normal epidermis (patient N1) or from uninvolved and involved psoriatic epidermis (patient P3), were electrophoresed on a denaturing 12% polyacrylamide gel, transferred to nitrocellulose, and incubated with anti-S100A8 (1 g/incubation) in the absence or presence of S100A8 epitope-specific blocking peptide (5 g/incubation). (B) An identical parallel blot was incubated with anti-S100A9 (1 g/incubation) in the presence or absence of S100A9 epitope-specific blocking peptide (5 g/incubation). ␤-Actin levels were monitored to normalize gel loading. Arrows indicate the migration of the S100A8 (A) or S100A9 (B) monomer.
Figure 6 S100A10 in human epidermis. Epithelial biopsies from normal and from uninvolved and involved psoriatic epidermis were fixed, processed, and stained with rabbit anti-S100A10 and/or goat preimmune serum . (A) Normal epidermis stained with anti-S100A10. (B) Involved psoriatic epidermis stained with anti-S100A10. Arrow shows S100A10, which appears to be membrane-associated. (C) Equivalent amounts of whole-cell extract (based on protein) prepared from normal epidermis (patient N1), and psoriatic epidermis (patient P1) were electrophoresed on a 12% acrylamide gel. Samples from the psoriasis patient include uninvolved (U) and involved (I) tissue. Primary antibody binding was visualized using an appropriate secondary antibody and chemiluminescence detection agents. ␤-Actin was detected as a control to confirm equal loading. No S100A10 immunoreactivity was observed when the primary antibody was replaced with preimmune serum or the antibody mixture contained an excess of S100A10. Asterisk indicates high molecular weight anti-S100A10 immunoreactive bands (Ruse et al. 2001 ). (D) Normal epidermis stained with preimmune serum. Bar ϭ 10 m. S100A8 and S100A9. S100A8 and S100A9 are expressed at minimal levels in normal epidermis, although occasional expression is observed in the granular layer. Co-expression is expected, because these S100 proteins function as a heterodimer (Teigelkamp et al. 1991) . Both proteins are highly overexpressed in psoriasis. Both proteins are expressed in the granular layer and in the basal and spinous layers. S100A8 and S100A9 may have a role in promoting and/or responding to the hyperproliferative state observed in psoriasis, because S100A8 and S100A9 expression is strongly induced within the first week after epidermal injury (Thorey et al. 2001 ). In addition, significant S100A8 and S100A9 staining is observed at the plasma membrane, which is consistent with the idea that some may be secreted (Katz and Taichman 1999) . S100A10. Our studies suggest that S100A10 is present in both cytosol and plasma membrane in the basal and spinous layers. S100A10 is known to be associated as a covalently linked component of the keratinocyte cornified envelope Robinson et al. 1997 ), suggesting that it has a role at the membrane during the terminal stages in keratinocyte differentiation. S100A10 forms homodimers that, in turn, bind two copies of annexin II, in a calcium-independent manner, to form a heterotetramer called calpactin I (Nakata et al. 1990; Pigault et al. 1990 ). Figure 7 S100A11 in epidermis. Epidermal sections were prepared and stained with rabbit anti-human S100A11. (A) Normal epidermis stained with anti-S100A11. (B) Involved psoriatic epidermis stained with anti-S100A11. (C) Normal epidermis stained with preimmune serum. (D) Equivalent amounts of whole-cell extract (based on protein) prepared from normal epidermis (patients N1, N2), and psoriatic epidermis (patients P1, P2) were electrophoresed on a 12% acrylamide gel. Samples from psoriasis patients include uninvolved (U) and involved (I) tissue. Primary antibody binding was visualized using an appropriate secondary antibody and chemiluminescence detection agents. ␤-Actin was detected as a control to confirm equal loading. Asterisk indicates high molecular weight anti-S100A11 immunoreactive bands (Ruse et al. 2001) . Arrows (A,B) indicate membrane-associated S100A11. Bar ϭ 10 m.
This complex localizes to the endosome and plasma membranes (Harder and Gerke 1993) . Annexin II has been reported to localize to the plasma membrane in differentiated keratinocytes (Ma and Ozers 1996) and has been identified in the extracellular space (Ma et al. 1994) . Therefore, the membrane-associated calpactin I complex may have a role in regulating keratinocyte differentiation. S100A11. Our studies suggest that S100A11 localizes in the cytoplasm in basal cells and in the cell periphery/plasma membrane in spinous layer cells. Association with the plasma membrane is consistent with our previous observation that S100A11 becomes crosslinked as a component of the corneocyte, via the action of a plasma membrane-localized enzyme, type I transglutaminase. Moreover, it is associated at this location with annexin I (Robinson et al. 1997; Robinson and Eckert 1998; Rety et al. 2000) . Our unpublished in vitro results suggest that S100A11 moves to the cell periphery in cultured keratinocytes after calcium challenge. Therefore, the change in distribution observed in vivo may represent differentiation-associated, calcium-dependent movement. S100A11 interacts with annexin I in a calcium-dependent manner (Seemann et al. 1997) . Although the precise function of the S100A11/annexin I complex is not known, it may be involved in membrane transport processes (Futter et al. 1993 ). Annexin I is partly localized on early endosomes and this localization also targets S100A11 to endocytotic organelles (Seemann et al. 1997) . Perhaps the S100A11/annexin I functions to alter plasma membrane transport processes during keratinocyte differentiation.
In summary, our results suggest that a substantial fraction of the cellular contents of each S100 protein family member becomes associated with the plasma membrane in terminally differentiated keratinocytes. This provides considerable new insight because it indicates that the plasma membrane constitutes an ultimate target site. Once the proteins are localized at the plasma membrane they may, as discussed previously, facilitate calcium-and differentiation-dependent, membrane-associated responses .
Covalent Crosslinking S100-associated Complexes
Our present results indicate that S100A7, S100A10, and S100A11 are present in epidermal extracts as part of high molecular weight complexes. These complexes are stable in the presence of reducing agent and detergent and are likely to form by covalent attachment of a particular S100 protein to other cellular proteins. We have previously shown that fragments of S100A11 and S100A10 can be extracted from the keratinocyte cornified envelope, a covalent complex of proteins that is assembled via the action of transglutaminase (Robinson et al. 1997) . We also showed, using in vitro crosslinking reactions, that S100A7, S100A10, and S100A11 are transglutaminase substrates, and that the transglutaminase-reactive residues are located within accessible regions of the proteins at the amino and carboxy termini Ruse et al. 2001) . Therefore, on the basis of our present findings, we propose that S100A7, S100A10 and S100A11 serve as transglutaminase substrates in vivo and that this action accounts for the formation of the S100 protein-containing complexes. One possibility is that S100 proteins localize at the plasma membrane to accomplish specific goals related to, e.g., cell signaling/membrane transport, and that, once these functions are completed, they become incorporated as cornified envelope components. 
